Cancer of the breast is the second leading cause of cancer death among women worldwide. The majority of cancer of the breast cases (95%) is not hereditary. Can long-term cell phone use be linked to breast cancer? It is unlikely that electromagnetic radiation is involved, but it could possibly be due to the generated heat (cell phones only occasionally transmit when people are not talking on them). Therefore, is there any method or reported statistics that can be used to link the increasing breast cancer incidence with cell phone use and placement? Some young women who placed their mobile devices, including cell phones, in their bra believed that it caused their cancer because it was on the same side and in the same area their phone was adjacent to and came into contact with their skin for prolonged periods. This review highlights what is known about the link between cell phone use, which continues to increase rapidly, and breast cancer explores the association between prolonged exposure to non-ionizing radiation from cell phones and breast cancer. In conclusion, until more data are obtained concerning whether carrying a cell phone is associated with breast cancer, great care should be taken to avoid any potential risks. Strenuous efforts should be made to encourage users of cell phones to follow mobile device manufacturers' recommendations, and if possible, to avoid skin contact until the potential risks, if there are any, are fully understood.
Introduction
The incidence of women cancer of the breast below the age of 40 is low, and it is even lower in the absence of any history from her family related to genetic predisposition.
There is thus a need to explore other possible predisposing or possible environmental causes that can account for these few remaining breast cancer cases. The American Cancer Society [1] identified a group of female patients aged 21 -39 years old with invasive multifocal breast cancer. There were thus increased concerns related to exposure to cell phones electromagnetic field to non-ionizing radiation. These women that carry their cell phones directly against their breasts in their brassieres for up to 10 hours per day for several years have developed breast cancer immediately beneath the placement of their phones without any family history of breast cancer. A review of their imaging breast scans revealed the presence of multiple clustering tumor foci directly under the area of phone contact with the breast. Such occurrences raised the issue of a lack of safety information in cases of direct contact with cell phones for long periods of time.
In general, it is unlikely that women would consider such placement of their cell phone could lead to breast cancer. Therefore, cell phones, which are frequently used, would be considered harmless, yet recent research has reported that there may be a relationship between tumor growth in the breast and non-ionizing cell phone radiation [2].
The Potential Risk of Cancer of the Breast from Cell Phone Radiation
The development of invasive cancer of the breast will occur in one out of eight women over a lifetime and one out of 36 will die from it. Although breast cancer rates are decreasing thanks to early diagnosis, there are more than 2.8 million cancer of the breast survivors in the United States (US) [1] .
Cell phones are radios for two-way microwaves that should not be kept close to the body. The soft fatty breast tissue readily absorbs such radiation. There are a series of case detected on young women who developed breast cancer despite not having a family predisposition to breast cancer. The breast tumors were present unusually close to the skin where they had placed their cell phones in their bras. Doctors advise women not to keep their cell phones in their bra. In a recent research investigation performed by Volkow et al. [3] , women received fluorodeoxyglucose-PET scans, which revealed that levels of glucose metabolism had increased due to radiofrequency exposure waves similar to those produced by cell phones, but the clinical significance of such findings was unclear.
The risk of a woman developing cancer is influenced by many factors, including genetic and environmental factors. However, breast cancer occurs infrequently in younger women (less than 40 years of age) who have no family predisposition or genetic history; yet, some of these women do get the disease, which raises suspicions that environmental triggers may play a role [4] .
The collected data from most previous studies on cell phones was acquired in the 2000s, and since then, cell phones have become widespread for many reasons(e.g. because of relatively low prices and marketing), which is beyond the scope of this review.
In 2011, it was estimated that the number of subscribers for mobile device services, including those for tablets and cell phones, rose above 300 million in the US, and the number of worldwide subscribers topped 6 billion [5] . Young adults and children are now more than ever seen carrying tablets and cell phones and are spending a considerable amount of time with a cell phone in close proximity to their body [6] . Unfortunately, this puts this growing number of users at the highest risk of harm related to electromagnetic radiation (e.g. prepubertal breast buds, the growth of which is potentially believed to be linked to adverse biological consequences of radiation [7] . Some young users have opened themselves up to even greater exposure, as they have been seen carrying more than one device, which might indeed increase their risk even more.
Cardis [8] reported that keeping a mobile phone in one's bra might induce breast cancer. He saw relatively young patients with breast cancer, 39 years old or less, so there would be little chance that some other environmental factor was the cause. He also reported that the women themselves believed that the cancer was due to having kept their cell phone in their bra. In the case of a young woman with breast cancer at age 21, her breast MRI revealed a typical pattern of ductal enhancement, where the "bright spot" accompanied a ductal distribution.
In 2013, a study conducted at the University of California reported that four women aged 21 -39 years were diagnosed with multifocal breast cancer that originated at different locations in the breast [9] . The medical history of these women revealed that there was no family predisposition to breast cancer. However, these women all regularly kept their cell phones in their bra adjacent to their breast during the day, which was estimated to be about 10 hours every day for several years. Each presented with tumors in the same regions of their breasts, next to where their phones were kept.
A young woman was of the opinion that keeping her mobile phone in her bra led to her cancer. She believed it was because her breast cancer was diagnosed in the same breast and at the exact location where her mobile phone usually came into contact with the skin of her breast. She said that for the past three to four years she usually had her mobile phone in contact with her breast and that her cancer was discovered right where the phone was kept all the time. To explain this event scientifically, a study was conducted by Schuz et al. [2] and they noted immediately that she carried her mobile phone as described, and that it roughly covered the upper outer quadrant of her breast, which is a common location for breast cancer to occur because of the presence of more breast tissue, in accordance with breast anatomy. They then concluded that this was only a coincidence.
In another case, a mother attributed her 21-year-old daughter's breast cancer to her mobile phone, because her daughter kept her cell phone in her bra, and she was healthy and young, with no history of breast cancer in her family or any genetic predisposition to cancer [10] .
Observations in experimental studies to assess the effects associated with the use of mobile phones in humans cannot be directly related to conventional mechanisms of thermal injuries. The effects observed are within the range of normal physiology, and are therefore difficult to ascertain with respect to increased health risk. However, it can be concluded that mechanisms other than established thermal mechanisms exist. Because of the present fragmentary scientific database, a precautionary approach is rec-ommended when dealing with the effects of radiation from radio and microwave frequencies on the individual and the general population [4] .
Breast cancer occurs sporadically in women in the postmenopausal period without any family history or predisposition. Breast cancer is uncommon in younger women (20 -30 years old). The incidence is <5% of all breast cancer cases, the latter of which is normally associated with a genetic predisposition. Hardell et al. [ Electromagnetic radiation emitted by cell phones results in both a thermal and nonthermal biological effect. It was reported that radiofrequency waves, which are part of electromagnetic radiation, have insufficient ionization energy to affect molecules and are unable of causing direct damage to DNA [13] . This inability to cause direct DNA damage was also shown with either therapeutic or diagnostic radiation exposure [11] .
The primary thermal effect of cell phones resulted in the heating of tissue, which is of controversial clinical importance [4] [14] . Cellular device-emitted electromagnetic radiation interacts within body tissues to cause electromagnetic currents leading to changes in the microenvironment of tissues [15] .
In the study performed by INTERPHONE, a possible effect of prolonged and extensive use of cell phones was described, though more investigation is needed. Recently, a meta-analysis study showed a link between acoustic neuromas and gliomas in a specific type of heavy cell phone user who tended to always use the phone on one side of the skull, identified as an ipsilateral user, compared with less frequent users and nonusers [11] . Surprisingly, the cancer risk was highest in those with prolonged cell phone use, even in those less than 20 years old.
Safety regulations for mobile phones and tablets were written in 1996 by the Federal Communication Commission in the US [16] . They made their regulations depending on levels of electromagnetic radiation that penetrated a Plexiglas head region in a simulated man weighing 200 lb. This investigation was performed to detect the specific absorption rate (SAR) (i.e. a specific rate of energy deposition in the body after exposure to electromagnetic radiation from mobile phones). The Federal Communication Commission has set an exposure limit of up to 1.6 watt/kg of tissue. Any functioning mobile phone that produces < 1.6 watt/kg is considered to be safe. The duration of exposure during an SAR test is 30 minutes and does not reflect the accumulative time of exposure to electromagnetic radiation that one may normally expect from those with prolonged and heavy use habits.
This safe limit complies with previous regulations and studies, both theoretically and experimentally proven using simulation methodology [13] . Furthermore, FCC guidelines do not associate the risks linked with direct contact of the skin with cell phones.
This is an important factor with respect to prolonged exposure to electromagnetic radiation and its direct thermal effect on the occurrence of breast cancer. The user manual of iPhone 4 advises one to carry their phone 1.5 cm or more away from their body [17] .
Similarly, the BlackBerry Bold cell phone safety manual advises using a holster to keep the cell phone and to carry it approximately 15 mm away from a user's skin when using the cell phone (safety and product information 2013).
The reported four young women with breast cancer related to cell phone use are considered to comprise a case with a small sample, therefore negating a causal relationship given that millions of women use cellular devices with an insignificant occurrence rate of breast cancer. Therefore, causality cannot be inferred, and at best an indirect linkage can only be under consideration. In addition, no clear information is available to determine the women number who usually put their phones with skin contact and breasts for long periods and do not develop cancer. On the other hand, exposure time and placement site of mobile phones directly adjacent to the breast could in fact be subject to recall bias (i.e. systematic error due to differences in accuracy or completeness of recall to memory of past events or experiences) [10] .
Baan et al. [14] recorded that they did not come across any study that evaluated a direct relationship between uses of cell phone and cancer of the breast. In addition, the exposure period that extended for years is considered a prolonged time factor. In general, biological effects of electromagnetic radiation on children could be up to several times greater than those on adults [18] . The dividing cells and growing tissue of the breast that occur during puberty may be particularly susceptible to harm or damage from cell phone electromagnetic radiation.
Conclusion
Cell phone use continues to increase rapidly. As of a few years ago, young women and children increasingly carry all types of mobile devices, including cell phones and tablets. They tend to be heavy users in terms of time spent in close contact with their cell phone, even while sleeping. Until more data are obtained regarding inappropriate use and carrying a cell phone, and their association with breast cancer risk, safety measures should be heeded to avoid any possible risks from cell phone use. Strenuous efforts should be made to encourage users of cell phone to follow mobile device manufacturers' recommendations and avoid skin contact. Further research in this area is recommended.
